The first synthesis of (À)-isishippuric acid A was accomplished in two steps from a bicyclic synthetic intermediate for isishippuric acid B, which confirmed the structure of isishippuric acid A, including its absolute stereochemistry.
Isishippuric acids A (1) and B (2) have been isolated by Sheu and coworkers from the gorgonian coral, Isis hippuris, and their structures were determined spectroscopically as well as from an X-ray crystallographic analysis of 2, albeit without assignment of their absolute configurations (Fig. 1) .
1) The unprecedented 4,5-secoquadrane and 4,5-seco-6-norquadrane skeletons respectively assigned to 1 and 2, and the potent cytotoxicity of 2 toward a couple of cancer cell lines (LD 50 < 0:1 mg/ml), as well as their undefined absolute stereochemistry prompted our synthetic efforts for these marine natural products. We have recently completed the first enantioselective total synthesis of 2, and thereby determined its absolute stereochemistry as shown in Fig. 1 . 2) In this note, we describe the first synthesis of 1 from a synthetic intermediate for 2.
In our previous synthesis of 2, we found that the intramolecular Michael reaction of 3 obtained from (R)-citronellal via a Diels-Alder reaction as the key step proceeded smoothly in the presence of hexamethylphosphoric triamide (HMPA) in tetrahydrofuran (THF) by using lithium hexamethyldisilazide (LHMDS) as the base, giving desired cyclization product 4 (55% yield) and its C2-epimer (23% yield) (Scheme 1).
2) The bicyclic diester (4) was then converted, through simultaneous hydrolysis of the two ester groups, into isishippuric acid B (2) which was identical in all respects to natural isishippuric acid B. In order to transform 4 into 1, the t-butyl group of diester 4 was selectively removed with trifluoroacetic acid to afford intermediate 5 in an almost quantitative yield. For the conversion of 5 into 1, monoester 5 was first treated with excess amounts (2.5-4.5 equivalents) of methyllithium (MeLi) in THF at À78 to 0 C, with the expectation that the following reaction sequence could take place: (i) an acid-base reaction between the carboxyl group of 5 and 1 equivalent of MeLi to give carboxylate anion 6; (ii) nucleophilic addition of another equivalent of MeLi to the ester group of 6 to form keto carboxylate anion 7; and (iii) proton abstraction from the -position of the ketone moiety of 7 by one more equivalent of MeLi to furnish lithium enolate 8 which would be inert to any additional attack by MeLi at low temperatures and give target molecule 1 after an acidic workup. The last step, in which MeLi functions as a base, not as a nucleophile, was considered to be probable, since the keto group of 7 seemed to be highly sterically hindered due to the presence of the neighboring quaternary carbon center, which would retard the nucleophilic attack of MeLi on the keto group; a similar reaction had previously been observed by us.
3)
The attempt was, however, unsuccessful due to the very low solubility of 6 in THF, even at 0 C. No detectable reaction was observed at up to 0 C, and elevating the reaction temperature to room temperature resulted in the formation of a complex mixture. To improve the solubility of lithium carboxylate 6, we next tried to add HMPA as a cosolvent (THF/HMPA, 2:1). Fortunately, 6 generated with 1 equivalent of MeLi dissolved very well in the mixed solvent, even at À78 C, and reacted sluggishly with an additional 1.3 equivalent of MeLi at À78 C. The reaction temperature was then gradually raised to À30 C, before quenching with a saturated aqueous solution of NH 4 Cl to give 1 (68% isolated yield) together with recovered starting material 5 (20%). Neither elevating the reaction temperature beyond À30 C nor adding one more equivalent of methyllithium y To whom correspondence should be addressed. Fax: +81-22-717-8783; E-mail: skuwahar@biochem.tohoku.ac.jp Biosci. Biotechnol. Biochem., 72 (6), [1628] [1629] 2008 Note at À30
C improved the isolated yield of 1, but instead brought about the formation of complex mixtures. Since we were unable to detect any alcoholic product which could be generated by the nucleophilic addition of MeLi to 7, the formation of the complex mixtures might have been caused via the addition of MeLi to the carboxylate moiety. The 1 H-and 13 C-NMR spectra of 1 were identical with those of natural isishippuric acid A. The specific rotation of 1 (½
D À88
(c 0.05, CHCl 3 )) was, however, somewhat smaller than that reported for the natural product (½
D À107
(c 1.0, CHCl 3 )), but the sign was equal between the synthetic and natural products, which enabled us to confirm the absolute stereochemistry of isishippuric acid A as depicted in Fig. 1 . The discrepancy in specific rotation values would probably be ascribable to an error in weighing the sample of 1 used for our measurement, since the sample weight in our case was, unfortunately, only 1.0 mg.
Experimental IR spectra were recorded as films by a Jasco FT/IR-4100 spectrometer. NMR spectra were recorded with TMS as an internal standard in CDCl 3 by a Varian Unity plus-500 spectrometer (500 MHz for 1 H and 125 MHz for 13 C). Optical rotation values were measured with a Jasco DIP-371 polarimeter, and mass spectra were obtained with a Jeol JMS-700 spectrometer. Merck silica gel 60 (70-230 mesh) was used for column chromatography.
(1R,2R,5R,8R)-1-Methoxycarbonyl-2,6,6-trimethylbicyclo[3.2.1]octane-8-carboxylic acid (5). Trifluoroacetic acid (45 ml, 601 mmol) was added to a stirred solution of 4 (39.0 mg, 120 mmol) in CH 2 Cl 2 (2 ml) at room temperature, and the mixture was stirred at room temperature for 12 h. The mixture was concentrated in vacuo, and the resulting residue was chromatographed over silica gel (hexane/AcOEt/AcOH, 5:1:0.02) to give 32.0 mg (99%) of 5 as a white crystalline solid (mp 108-110 C 
